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AMPLIFICATION OF FOLATE-MEDIATED TARGETING TO TUMOR CELLS 

USING NANOPARTICLES 

5 

Technical Field 

The invention relates to the delivery of drug, peptide and protein pharmaceuticals using the 
folate-mediated uptake system. More particularly the invention relates to the amplification 
10 of drug/pharmaceutical delivery with the folate uptake system using a folate-nanoparticle 
complex. The invention also relates to processes for preparing the complexes, 
pharmaceutical compositions containing same, methods of treatment involving the 
complexes and uses of the complexes in die manufacture of medicaments. 

Background Art 

In conventional cancer chemotherapy, in order to obtain a linear increase in killing of 
cancer cells it is often necessary to increase the amount of cytotoxic drugs present in the 
system in an exponential fashion. This in turn leads to an imdesirable increase in non- 
specific cytotoxicity of bistander, healthy ceils. Hence it is often necessary to repeatedly 
deliver a smaller dose of cytotoxin, which inevitably leads to the survival of a small 
fraction of drag-resistant cells. In an attempt to increase die dose of cytotoxic agent 
delivered to the tumor cell, specific targeting agents such as monoclonal antibodies to 
"tumor-specific antigens" have been employed. In many cases the resultant antibody-drag 
conjugate may be highly immunogenic, and thus lead to an antibody response against the 
conjugate thereby precluding further use. For this reason small, poorly immunogenic, 
tumor-specific molecules have been sought as alternatives to antibody molecules. 
Recently focus has switched to the use of molecules essential for growth to be used as 
targeting agents. The use of one of these, foUc acid, is the subject of the current 
application. 
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Folic acid enters cells either through a carrier protein, termed the reduced folate carrier, or 
via receptor-mediated endocytosis facilitated by the folate receptor. The folate receptor is 
significantly over-expressed on a large fiaction of human cancer cells mcluding ovarian, 
breast, lung, endometrial, renal, colon, and cancers of myeloid hematopoietic cells. There 
are two folate receptors FR-a, and FR-p. In general FR-a, is upregulated in malignant 
tissues of epithelial origin such as ovarian carcinoma, while FR-P is overexpressed in 
malignant tissues of nonepitheUal origin. While the FR have been detected in normal 
tissues involved in the retention and uptake of the vitamin, these tissues are in protected 
sites and generally not accessible following blood-borne delivery of folate conjugates. 
Thus there is expression in the choroid plexus, the intestinal brash border apical membrane 
surface and the proximal tubules of the kidney; In the latter case the receptor probably 
functions to scavenge excreted folate, and as such would not be accessible to large 
molecule weight folate complexes. Folate-mediated tumor targeting has been exploited to 
date for delivery of the following molecules and molecular complexes (i) protein toxins, 
(ii) low-molecular-weight chemotherapeutic agents, (iii) radio-imaging agents (iv) MRI 
contrast agents, (v) radiother^eutic agents, (vi) liposomes with entrq>ped drugs, (vii) 
genes, (viii) antisense oUgonucleotides, (ix) ribozymes, and (x) immunotherapeutic agents. 

Two major limitations to the use of folate to target to tumor cells is that the dose 
deliverable is small, ie. one molecule of drug for each molecule of folate, and that the 
majority of the folate-drug complexes are very small and as such are excreted in the 
kidneys and re-absorbed in the proximal tubules, thus leading to undesirable accumulation 
of folate-drag complexes m the kidney. 

It is an object of the present invention to overcome or at least alleviate one or more of the 
above-mentioned disadvantages of the prior art 

Summary of tiie Invention 

Surprisingly it has been found by the present inventors that both of the above-mentioned 
limitations could be addressed by incorporation of the active substance to be delivered 
within a nanoparticle, which is coated with folic acid or an analogue thereof. Thus, 
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amplification of drug/pharmaceutical delivery can occur by incorporation of quantities of 
the active substance within the folate-coated nanoparticle. Accumulation of the folate-drug 
complexes in the kidneys is also minimised due to the large size of the nanoparticle. 

5 According to a first aspect of the present invention there is provided a complex comprising 
a nanoparticle, to which is coiq)Ied a targeting molecule, said nanoparticle enclosing an 
active substance, and wherein said targeting molecule (hereinafter termed TM) is folic 
acid, or an analogue thereof possessing binding activity to the folic acid receptor. 

10 According to a second aspect of the present invention there is provided a process for the 
production of a nanoparticle complex of the invention, which process comprises one or 
more of the following steps : 

(a) reacting nanoparticles with a TM to form the complex; 

(b) chemically modifying a TM to provide at least one functional group capable of 
15 forming a chemical linkage and reacting nanoparticles and the modified TM to form the 

complex; 

(c) reacting nanoparticles with at least one cross-linking agent to prepare 
"activated" nanoparticles which are reacted with a TM to form the complex; 

(d) reacting a TM with at least one cross-linking agent and reacting the 
20 nanoparticles with the reacted TM to form the complex; 

(e) reacting nanoparticles and a TM with at least one cross-linking agent to form 
the complex; 

(f) reacting nanoparticles with at least one cross-linking agent, reactmg a TM with 
at least one cross-linking agent and reacting the reacted nanoparticles and the reacted TM 

25 to form the complex; or 

(g) reacting a TM with at least one cross-linking agent to prepare an analogue 
which is reacted with a hydrophobic moiety to form a hydrophobic derivative of the TM; 
and then incubating the hydrophobic derivative of the TM with a nanoparticle in such a 
manner that the nanoparticle is coated hydrophobically with the TM. 
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According to a third aspect of the present invention there is provided a medicament which 
comprises a nanoparticle complex of the invention together with a pharmaceutically 
acceptable carrier, excipient, diluent and/or adjuvant. 

According to a fourth aspect of the present invention there is provided a method for the 
treatment, prophylaxis or amelioration of disease, in particular cancer, in a vertebrate host 
which method comprises the administration to said host of a therapeutically effective 
amount of a nanoparticle complex according to the invention. 

According to a fifth aspect the present invention provides a method for the treatment, 
prophylaxis or amelioration of cancer in a vertebrate host by admini^^ 
drug, prodrug, toxin, cytotoxin, immunogen or DNA analogue, which process comprises 
the parenteral administration to said host of a therapeutically effective amount of a 
nanoparticle complex according to the invention. 

According to a sixth aspect of the present invention there is provided the use of a 
nanoparticle complex of the invention in the preparation of a medicament for the 
treatment, prophylaxis or ameUoration of disease, preferably cancer. 

20 According to a seventh aspect of the present invention there is provided a method of 
delivering an active substance to a tumor or cancer cell comprising contacting said tumor 
or cancer cell with a nanoparticle complex comprising a nanoparticle to which is coupled a 
targeting molecule, said nanoparticle enclosing an active substance, and wherein said 
targeting molecule is foUc acid, or an analogue thereof possessing binding activity for the 

25 folic acid receptor. Ihe method of delivering the active substance may be achieved in vivo 
by administering the nanoparticle complex to a host, preferably a vertebrate host, of said 
tumor or cancer celL 

The nanoparticle complex of the invention contains one or more molecules of an active 
30 substance to be delivered, the nanoparticle being coupled to the TM to give a complex 
capable of ampUfied delivery of the active substance. 
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Throughout this specification and the claims which follow, unless the context requires 
otherwise, the word "comprise", and variations such as "comprises" or "comprising", will 
be understood to imply the inclusion of a stated integer or step or group of integers or steps 
but not the exclusion of any other integer or step or group of integers or steps, 

5 

Brief Description of the Figure 

The present invention will now be described by way of example only and with reference to 
the figure wherein: 

10 Figure 1 represents the biodistribution of control and folate coated IBCA nanoparticles in 
tumor-beaiing mice. The recovery of Folate-coated F127 IBCA nanoparticles is compared 
to the recovery of a control Folate-PEG-C18 complex fi:om Balb/C mice injected with 
hybridoma tumor cells. The data is presented as the percentage of recovered injected 
counts, and shows that the quantity of nanoparticles targeted to the scTumor increased in 

15 the presence of the surface folate of the nanoparticle complexes of the invention. 

Detailed Description of the Invention 

The nanoparticle complexes of the present invention have been especially targeted to 
tumor and cancer cells using folic acid or analogues thereof as the targeting moiety. The 

20 drug is able to be released fix)m the nanoparticle to the cuxsulatory or lymphatic drainage 
system, and most preferably to the target tissue of the host. Whilst it iis possible these 
nanoparticle complexes could be used for oral delivery of the dmg to the circulatory or 
lymphatic drainage system in general, the products of this invention and a co-pending 
polymer delivery invention (Australian provisional patent application No. PQ0147 entitied 

25 "Application of Folate-mediated Targeting to Tumor Cells Using Polymers" filed on 4 
May 1 999 and incorporated herein in its entirety by reference) preferably relate to targeting 
the active substances to tumor/cancer cells. 

Two basic forms of nanoparticles have been developed, nanocapsules (or microcapsules) 
30 and nanosphcres (or microspheres), for enclosmg, holding or contaming active substances. 
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The tenn "nanoparticle" as used throughout the specification refers to a small sphere, 
capsule or pellet ranging in size typically from 1 nanometer to 100 micrometers in size. 

The target molecules utilised in the invention are folate molecules or analogues thereof 
5 which possess binding activity for the folic acid receptor, and in particular to suifece folate 
receptors on tumor cells. Analogues contemplated herein include, but are not limited to. 
modification to the ring structure, functional groups or side chains of the folic acid 
molecule including the additional removal of protecting groups and salts and complexes 
thereof derived from any source such as being chemically synthesised or identified by 
10 screening process such as natural product screening provided that the analogue possesses 
some bhiding activity for the foUc acid receptor. 

TTie active substance to be delivered is preferably a hormone, drug, prodrug, toxin, 
pharmaceutically active protein, immunogen, or DNA or KNA analogue. 



15 



In an embodiment of the invention there is provided a complex between foUc acid and a 
biodegradable nanoparticle in which is trapped a toxin or cytotoxic agent as tiie active 
substance. 

20 Suitable toxins, according to the invention, include, but are not limited to. ricin, abrin, 
diphtheria toxin, modecin, tetanus toxin, mycotoxins, meUitin, a-amanitin, pokeweed 
antiviral protein, riosome inhibiting proteins, especially those of wheat, barley, com, rye. 
gelonin and maytansinoid. 

25 Suitable cytotoxic agents, according to the invention, mclude, but are not limited to 
alkylating agents such as chlorambucil, cyclophosphamide, melphalan, cyclopropane; 
anthracycline antitumor antibiotics such as doxorubicin, daunomycin, adriamycin, 
mitomycin C, 2-(hydroxymethyl)anthmquinone; antimetaboUtes such as metiiotrexate. 
dichlorometiiatrexate: cisplatin, carboplatin, and metallopeptides containing platinum, 

30 copper, vanadium, iron, cobalt, gold, cadmium, zinc and nickel. Other agents include 
DON, thymidine, pentamethyhnelamin. dianhydrogalactitol. 5-metiiyl.THF, anguidine. 
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maytansine, neocarzinostatin, chlorozotocin, AZQ, 2'deoxycofonnycin, PALA, AD-32, m- 
AMSA and misonidazole. 

Other active substances which may be delivered by the folate nanoparticles of the 
5 invention include but are not limited to homiones and bioactive peptides and polypeptides, 
antibiotics, antipyretics, analgesics and antiinflammatory drugs, expectorants, sedatives, 
muscle relaxants, antiepileptics, antiulcer drugs, antidepressants, antiallergic dmgs, 
cardiotonic drugs, antianythmic agents, vasodilators, antihypertensives, anticoagulants and 
haemostatic agents as known in the art 

10 

In essence the nanoparticles can be formed by any nimiber of methods, several of which 
are outlined below:- 

(i) Sdvent Evaporation 

15 In which a compound which is soluble in one solvent is dispersed into another 

miscible solvent and the first solvent is evaporated off. Particles formed in this fashion 
have been used to administer (parenterally) a nimiber of water insoluble compounds. An 
example of such a system is the formation of polyalkylcyanoacrylate nanocapsules in 
which the anticancer agent S-fluorouracil is entrapped. 

20 

(ii) Desotvation 

In this method a compound is dissolved in a liquid in which it is soluble (the 
solvent) and a second liquid (which is miscible with the first liquid, but in which the 
compound is not soluble) is added to the solvent As more of the second liquid is added 

25 the compound becomes desolvated. During the process of desolvation the compound rich 
phase (the coacervate) contains an enriched amount of compound which is dispersed as 
microdroplets in the compound deficient phase. At this stage the coalesced material can be 
chemically crosslinked by a suitable crosslinking agent to form micro- or nano-particles, 
such as nanoparticles of gelatin or borine serum albimiin (BSA). Solutions of these 

30 proteins are desolvated by the addition of sodiimi sulfate or anmionium sulfate solutions. 
At the point of desolvation there is an increase in turbidity, at which time the nanoparticles 
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can be formed by the addition of a suitable cross-linker such as glutaraldehyde or 
butanedione. Alternatively a biodegradable cross-linker could be employed, such as a 
linker containing a disulfide bond, an azo-bond or an esterase cleavable bond. 

5 (iii) Complex coacervation 

In this procedure two polyelectrolytes having opposite charge are nnxed in an 
aqueous medium so that a spontaneous Uquid/Uquid phase separation occurs. TTie 
phenomenon is limited to polymers having a suitable ionic charge density and chain 
length. Typically these nanoparticles are formed by the addition of a polyanion such as 

10 gum arable, alginate, or polyphosphate, to a polycation such as gelatin. Suitable particles 
are readily fomied by the complexation of gelatin and carboxymethyl cellul^^^ The rate- 
of release of pharmaceutical from such complexes can be controlled by the addition of a 
suitable cioss-linker such as glutaraldehyde or butanedione. Alternatively a biodegradable 
cross-linker could be employed, such as a linker containing a disulfide bond, an azo-bond 

15 or an esterase cleavable bond. 

(iv) Polymer/polymer incompatability 

Ibis procedure is based upon the observation that two chemically different 
polymers dissolved in a common solvent are usually mcompatible. Thus the mixture will 
20 tend to form two phases. The insoluble phase can be used to coat core particles to fomi 
microcapsules. An example would be the precipitation of ethyl ceUulose from 
cyclohexane by the addition of polyethylene. 

(v) Interiiacial potymerisation 

25 In this technique, two reactants. each dissolved in a mutually immiscible liquid, 

diffiise to the interface between the two Uquids where they react to form a capsule wall. 
An example of such capsule formation occurs when a mixture of sebacoyl chloride 
dissolved in an oil phase is emulsified into an aqueous phase containing ethylenediamine. 

30 Polymers suitable for the formation of nanoparticles by solvent evaporation (in liquid 
drying) include, amongst others, poly-lactic acid. poly-(lactide/co-glycolide). poly- 
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hydroxybutyrate, poly-hydroxyvalerate, poly-(hyciroxybutyrate/valerate), ethyl cellulose, 
dextran, polysaccharides, polyalkylcyanoacrylate, poly-methyl-methaciylate, poly(e- 
caprolactone) and various combinations and co-polymers of the above. 

5 Polymers suitable for the formation of nanoparticles by interfacial 
precipitation/polymerisation include, amongst others, EUDRAGITTMj poly(N^,N^-L- 
lysinediylterephthaloyl); polymers formed by the reaction of Lysine hydrochloride and p- 
phthaloyl dichloride; by the reaction of aciyloylated maltodextrin or acryloylated 
hydroxyethyl starch with ammonium peroxodisulfate and N,N,N'J^- 

10 tetramethylethylenediamine. Nanoparticles can also be formed by the polymerisation of 
various diamines such as ethylene diamine, phenylenediamine, toluene diamine, 
hexamethylene diamine, or diols such as ethylene diol, bisphenol, resorcinol, catechol, 
pentanediol, hexanediol, dodecanediol, 1,4-butanediol, with diacid chlorides such as 
sebacoylchloride and adipoyl chloride, or diisocynates such as hexamethylene diisocyanate 

15 using the methods fully described in EPA 85870002.4 and as incorporated herein by 
reference. 

Polymers suitable for the formation of nanoparticles by polymer phase separation include 
co-poly(vinyl chlorideivinyl alcoholrvinyl acetate), cellulosic polymers, polyvinyl acetate, 
20 polyvinyl alcohol, polyvinylchloride, natural and synthetic rubbers, polyacrylates, 
polystyrene and the like. Methods to synthesize such nanoparticles are fully described in 
USP 4, 1 66,800 which is incorporated herein by reference. 

Polymers suitable for the formation of nanoparticles by complex coacervation include, 
25 amongst others, mixtures of polyanions, such as gum arable, alginate, carboxymethyl 
cellulose, carboxymethyl starch, polystyrene sulfonic acid, polyvinyl sulfonic acid, poly- 
D-glucuronic acid, poly-pyruvic acid, carrageenan, heparin sulphate, polyphosphate with 
polycations, such as polylysine, gelatin. 

30 Polymers suitable for the formation of nanoparticles by polymer/polymer incompatability 
include, amongst others, ethyl cellulose, ethylene vinyl acetate polymer, poly(lactide), or 
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poly(vinylidene chloride) mixed with polymers such as polyethylene, silicone, 
polyisobutylenes or polybutadiene. 

Other materials suitable for formation of nanoparticles include, starch, cioss-linked 
5 albumen.polyacrylamide.cross4inkedgelatinandothersobvioustothosesW^^^ 

of nanosphere preparation. 

TT« cross-Unkmg ^ may contain a disulfide bond or b. deavabte by acid, base or 
periodate. Examples of suitable c«.»s-linldng agents include: N-(4- 

, 4,4'-dithiobisphenylaade; 
azidophenylthio)phthahnude; 

dithiobis(succim>mdylpropioi>ate); dimethyl-3.3'^obispropiM^ 33', 
dithiobis-Csulfosuccinimidylpropionate); ethyl^azidophenyD-U'diduopropionate; 
,dfosuccininddyU2Km..zido*nit™ben=nudo)<tl,yl-U'-di.Mobu,yri^ N- 
s„ecininndyW4^dophenyl>U'dilhiop.opionat« sulfi>succfainudyl-2-(m-a^do* 
„i,robenzamido>ethyl-1.3'-dithiopropionate: sul&»ccinimidyl-2-(j«zidosaUcyiamido> 
ethyl-LS'-dithiopropionate; N-,uccinimidyl.3<2.py,idyl.luo)propiona.e; 
sulfo^ininndyl.(4.azidophenyldi.hio)-propionatc; 2.,nunothiolane; dis«cininndyl 
tartrate; and bis-p-(sucdnimidyloxycaibonyloxy>ethyll-sulfone. 

Suitable linking of the carrier to tbe nanoparticles nw be achieved by .eaction of the 
carrier «ith a carbodiinude and AT-hydroxysuccinimide (NHS), and then reacting fte NHS 
derivative with a suitable functional group on the nanopardde. 

Inference to the term "folate" as used herein is to be considered in its broadest context and 
^ to the carboxyUc acid anion of folic acid and, where no. stated, the counter canon 
™ay be any suitable cation including ph»maceutically acceptable cations and may aho 
include a proton, i.e. foUc acid. The term "folate" may be talcen to include teference to 
analogues of the folate molecule, such as n,ed«.t.e»te, and preferably where the analogue 
possesses some binding activity for the foUc acid receptor. 
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Reference herein to "treatment" and "prophylaxis" is to be considered in its broadest 
context. The term "treatment" does not necessarily imply that a host is treated until total 
recovery. Similarly, "prophylaxis" does not necessarily mean that the subject will not 
eventually contract a disease condition. Accordingly, treatment and prophylaxis include 
5 amelioration of the symptoms of a particular condition or preventing or otherwise reducing 
the risk of developing a particular condition. The term "prophylaxis" may be considered as 
reducing the severity of onset of a particular condition. "Treatment" may also reduce the 
severity of an existing condition. 

1 0 The subject of the treatment or prophylaxis is preferably a mammal such as but not limited 
to human, primate, livestock animal (e.g. sheep, cow, horse, donkey, pig) companion 
animal (e.g. dog, cat) laboratory test animal (e.g. mouse, rabbit, rat, gumea pig, hamster) 
captive wild animal (e.g. fox, deer). Preferably the mammal is a human or primate. Most 
preferably the mammal is a human. 

15 

It will be understood that those skilled in the art will be able to employ methods commonly 
known in the art for preparing suitable medicaments in concentrations and presented in 
forms appropriate to the administration of the folate complexes of the invention, optionally 
with other active agents as required, in suitable treatment regimes to achieve the desired 
20 physiological effects on the vertebrate host to be treated. 

In accordance with these methods, the agents herein defined may be coadministered with 
one or more other compounds or molecules. For example, the nanoparticle complex of the 
invention may be administered in combination with folate polymer complexes, other 

25 chemotherapeutic agents or other ameliorative active substances. By "administered in 
combination" is meant simultaneous administration in the same formulation or in two 
different formulations via the same or different routes or sequential administration by the 
same or different routes. By "sequential" administration is meant a time difference of from 
seconds, minutes, hours or days between the administration of the formulations. These 

30 agents may be administered in any order. 
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The phannaceotical forms suitable for injectable us. include sterile aqueous solutions 
(where ,vat« soluble) and sterUe powders for the extemporaneous prq«.ranon of stenle 
injectable solutions or dispersiot. In aUcases the formn.us,bes.«il.andmustbeflu.d to 

fl,e extent fl.a. easy syringability exists. It must be stable under the conditions of 
5 manufac«« and storage and must be preserved against tite contaminating action of 
^croorganisms such as bacteria and fongi. TOe carrier can be a solvent or dispersion 
medium containing, for «tample, water. ed^noU polyol (for example, glycerol, propylene 
glycol and Uquid polydh,l«« glycol, a»i the like), suitable mixti^s ti«reof, and 
vegetable oils,Tl>e proper fluidity canbemdn.air«4forex«nple. by th.us.ofacoa.mg 

,0 such as licithm. by the maintenance of the required particle si» in the case of dispersion 
- and bythe u^ ofsuperfictants. The preventions of the action of microorganisms, can.be . _ 

brought about by various antitacerial and antifangal agents, for example, parabens. 

chlorobutanol. ph«»l. sorbic acid, thimersal «»i th. lil«. In many cases, it wrU be 

preferable U, inctade iso«,nic ag«..s, for «ampl., sugars or sodium chloride. Prolonged 
,5 absorption of ti,e injectable compositions canb.l«n«ht about by theuseinti^ 

compositions of agems delaying absorption, for example, aluminium monost^rat. and 

gelatin. 

St«ile tajeetable solutions are prepared by incorporating tt« active compounds in the 
20 r«nnxed amount in ti« appropriate solvent with various of tiie otiter ingredients 
enumerated abov^ as require!. foUowed by fflter^l st»lisafion. Generally, dispersro.. 
are prepared by incorporating ti« various s.eriUs«i active ingredient int. a sterile vehtcle 

which contains tite basic dispersion medium and the required other ingr«iien.s ftom those 
«,umaa.«l above. In the case of sterile powders for tire preparation of sterile mjectabl. 
25 solutions, the preferred methods of preparation are vacuum drying and titefteeze-drying 

technique which yield a powder of ti« active ingredi«. plus any additional d«,red 
ingredient ftom prCTiously sterile-filtered solution tiKteof. 

When tite active ingredients are suitably p«>tected fl«y may be ondly administ«ed. for 
30 example, wiflt ». inert dUuen. or witit an assimilable edible carrier, or it may b« enclos«l 
in hard or soft sheU gelatin capsule, or it may be compressed m«> tablets, or it may be 
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incorporated directly with the food of the diet. For oral therapeutic administration, the 
active compound may be incorporated with excipients and used in the form of ingestible 
tablets, buccal tablets, troches, capsules, elixirs, suspensions, gels, pastes, viscous colloidal 
dispersions, syrups, wafers, and the like. Such compositions and preparations should 
5 contain at least 1% by weight of active compound. The percentage of the compositions 
and preparations may, of course, be varied and may conveniently be between about 5 to 
about 80% of the weight of the unit The amount of active compound in such 
therapeutically useful compositions in such that a suitable dosage will be obtained. 
Preferred compositions or preparations accordmg to the present invention are prepared so 
10 that an oral dosage unit form contains between about 0.1 p.g and 2000 mg of active 
compound. In the case of compositions containing supplementary active ingredients, the 
dosages are determined by reference to the usual dose and manner of administration of the 
said ingredients. 

15 The tablets, troches, pills, capsules and the like may also contain the following: A binder 
such as gum tragacanth, acacia, com starch or gelatin; excipients such as dicalcium 
phosphate; a disintegrating agent such as com starch, potato starch, alginic acid and the 
like; a lubricant such as magnesium stearate; buffering agents such as sodium bicarbonate 
to neutralise or buffer stomach acid; and a sweetening agent such a sucrose, lactose or 

20 saccharin may be added or a flavouring agent such as peppermint, oil of wintergreen, or 
cherry flavouring. When the dosage unit form is a capsule, it may contain, in addition to 
materials of the above type, a liquid carrier. Various other materials may be present as 
coatings or to otherwise modify the physical form of the dosage unit. For instance, tablets, 
pills, or capsules may be coated with shellac, sugar or both. A syrup or elixir may contain 

25 the active compound, sucrose as a sweetening agent, methyl and propylparabens as 
preservatives, a dye and flavouring such as cherry or orange flavour. Of course, any 
material used in preparing any dosage unit form should be pharmaceutically pure and 
substantially non-toxic in the amounts employed. In addition, the active compound may 
be incorporated into sustained-release preparations and formulations. 
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p,^^,, aoo.^.. c^riers J» "^'^ ^ — 

dispersion media. coaOng.. andba^al 3»d an«i.gal age... «o.o,uc and abs^^^on 
deilying agents and «,e like. use of such .«dia and ag«..s to pi^nnaceuucal acUve 
snlLisweU..o»nin*ea. Except insoft. as any conventional n«d» o. agen. . 
^n^bie ^ ^ active ingredien. use tbe^f i« *e th^apeutic cotn^--^ 
^telpla.^1 Suppi^nentary acUv. ing^aients can also be inconx.™^ 

compositions. 

„isespeciaiiyadvan.ageous.oton.u.a.pa«n^-positi^ 
easeofadn^-icnandunifonnityofdosag. Dosage nn.t6nn as used be»n«fes» 
■ p^sicaily discete «s ^ as unita^ dosages to n^nunah^ » ^ , 

LLd. each unit co^aining . P— ed ^tity of active ^ » 

^ desi^l .h^apeutic effect in association with the r^^^ P^^~^ 
Ler. T.especificadonto*e,K.veldosag.unHton.of.heinve„nona«<hc.a.«^ 

Id di^tly de^ndent on (a) ^ ^ cha«c.«istics of the active n^tenal and ti. 

the^peutic effect to be ««eved. and (b) the iin^tations h^ « - » 
:!^undh«sLhanactive»a.erialtod.e.«a«««.ofdiseaseinUvingsub,ec.shavn.g 

a diseased condition in which bodUy health is impaired. 

, Adntinistration of ti« agent in ti. torn of a phannaceutical composition n«y be 
perfonned by any convenient n»ans. The agent of the pha™.ceu.«:al con.pos.tion . 
LlnpJ to exhibit ti.etapeutic activity when adntinistered h. an amount vduch 
0" .he ocular case, variation depends to example, on the h^ 

tite agent Chose. "'^"^ \^tim 

„ FM example several divided doses may be aimmistered dafly. 

:i„ltedb;.heexigenciesofti«si.uation. The agent may be admimsteredm^V 
suitable mam^er. Routes of administration include, but are «.t Ihmted to. r«pna.ora^^^ 
Itracheally. nasopharynge^ly. intravenously. h«ra^y. s,bcutanc^y. 
30 :laniaay:h«raderm.y.— ularly..^^^^^ 

i^ly. infusion, orally, rectidly. via IV drip, patch and nnplant Wtti. respect ti, 
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intravenous routes, particularly suitable routes are via injection into vessels which supply 
the tumour or diseased organs. Peptides may also be installed into cavities for example the 
pleural or peritoneal cavity or injected directly into tumour tissues. 

5 The invention is further described with reference to the following examples which are in 
no way limiting on the scope of the invention. 

Example 1 Preparation of nanoparticles 

Nanoparticles can be formed by a number of techniques common to those knowledgeable 
10 in the art, including solvent evaporation, complex coacervation, polymer/polymer 
incompatibility, gelation, interfacial polymerisation and thermal denaturation. 

An effective amount of the complex is formulated with a pharmaceutically acceptable 
carrier, diluent or excipient to provide a medicament for administration to a patient 
15 requiring treatment of the conditions outlined in the body of the specification. The 
formulation is prepared using standard pharmaceutical techniques. 

It is recognised that a number of factors will aflfect the determination of an appropriate 
dosage for a particular host Such factors include the age, weight, sex, general health and 
20 concurrent disease states of the host. The determination of the appropriate dose level for 
the particular host is performed by standard pharmaceutical techniques. 

Example 2 Preparation of nanoparticles by Coacervation. 

Almost any protein can be used as the matrix for entrapping drug via the desolvation 
25 technique, however preferred proteins according to the invention include bovine serum 
albumen (BSA), Ovalbumen (OA) and collagen. Nanoparticles were prepared by 
coacervation of BSA following desolvation, according to the method of Oppenheim 
(Oppenheim, 1984, Oppenheim et al 1984, 1982), Briefly a 40% w/w ammonium sulphate 
solution was added dropwise to a solution of 1% BSA containing 0.5% w/w Tween 20 and 
30 the turbidity monitored by Klett readings, until the turbidity rose rapidly. At this point 
(determined by experimentation) the solution was placed in an ultra-turrax and 600 ^il of 
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A tn cross-link the nanoparticles. Cross-linking was stopped by 
glutaraldehyde was added to cross-iinK ine lumup 

the addition of a solution of 120/0 w/w sodium metabisulfite. 

Particles were then washed repeatedly with disUlled wa1«r prior to coupling to the N- 
hydroxysuccinimide (NHS)-derivative of folic acid 



Examples Incorporation of S-nuorouraca . P.,„„le 2 by 

antimitotic 5-fluorouracU was incorporated into the nanoparUcle of Ex^^e 2 by 
Living S-fluorouracil at 10 g/100 ml of the BSA/rween solution. Desolvatron .d 

10 cross-linking was carried out as described in Example 2. 

Example 4 Coupling of folate to nanoparticles 

^.les rmeoared by the method of Example 2) were surface coated 
Pn^teinaceous nanoparticles (prepared by 

vvith folate molecules by reaction of folate 

,^ u A- ™ae rEDAQ and NHS foUowed by addition to the 
15 dimethylaminopropyDcarbodiomide (EDAU) ana 

preformed nanoparticles. 

nanoparticles 

.0 ,„ onic .0 link few. » .Be ^ of ™«.pa«ic,es «hioh bav. no read.., av.tabU 

^eles. SU* a .oleo^e . e.n, added a. th. dn.. of ™« of 
lU- ^s«..d.ofa»h,d.pho«ca3s.iaaonissuch«««««««o.Iy^ 
25 slowdissodattoaoftoibla«ih,mfl»aa™parUeles<»derphysiologicaloond..o„. 
a)PBparattonof folate-phosphatidyl ethanotamn=(folate-PEA) 

, ■ m.1 was dissolved in 2 nil cWoloformtaiethanol (50:50, 

PhosDhatidylethanolamine (100 mg) was oissoivcu ,. , . . ,k. 

J (.00 added to the n.^. ^ - ^.^X:; 

«f 900 ma of the carbodimude, l-ethyi-i-^i 
PEA bv the addition of 2UU mg „ . * 

u ^ • -^^ rpnr or EDACy The reaction was allowed to 
30 dimethylaminopropyDcarbodimude (EDC or bUAV.j. 

.p«,ceedfor90minutespriortoti.eadditionofthefolate-PEAtonanoparticles. 
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b) Preparation of other complexes between folate and an hydrophobic moiety. 
Covalent complexes can be made between analogues of folate and almost any aliphatic or 
aromatic chains or amphipathic containing a water soluble head group suitable for 
conjugation and a lipid soluble tail suitable for hydrophobic association within an 

5 hydrophobic enviromnent. Thus, any lipid (saturated, unsaturated or polyunsaturated) 
which has a carboxylic acid head group, such as oleic acid, octanoic acid, linoleic acid or 
glycerophophoric acids may be directly conjugated to an amino-folate derivative using a 
suitable carbodiimide (EDAC or DCC, for example). Similarly any amphiphathic 
molecule possessing an amino-group (amino-hexane, amino-decane, amino-dodecane, 

10 phosphatidyl-ethanolamine, may be conjugated directly to carboxy-folate using 
carbodiimides. 

Example 6 Preparation of folate-NanoparticIes by solvent evaporation. 

a) Preparation of folate-PEA-[Polymethyhnethacrylate] nanoparticles 

15 Polymethyhnethacrylate (PMM, Polysciences)(MW 12,000; 500 mg) was dissolved in 2 
ml of dichloromethane (DCM). The PMM in DCM was then added dropwise to 20 ml of 
0.25% w/w Polyvinylalcohol (PVA) while homogenizing at 13,500 rpm with a Janke & 
Kunkel Ultraturrax. After 1 minute, 200 \il of folate-PEA was added and stirred gently 
overnight The pink nanoparticles were then harvested by centrifugation, washed three 

20 times with water and lyophilised. 

b) Preparation of folate-[PEA-Poly-lactic acid] nanoparticles. 

Poly-lactic acid (PLA, Polysciences)(MW 50,000; 500 mg) was dissolved in 3 ml of DCM 
and then homogenised into 20 ml 1% PVA at 13,500 rpm on Ultraturrax T25 with an S25F 
25 probe for 5 minutes. Folate-PEA (400 nl) was added while the solution was stirred gently. 
Nanoparticles were harvested as described above. 



c) Preparation of folate-PEA-pPoly-Hydroxy-bulyrate/valerate] nanoparticles 
Poly-hydroxy-butyrate/valerate (9% valerate) (ICI; 500 mg) was dissolved in 5 ml of DCM 
30 and homogenised into 20 ml 1% PVA at 13,500 rpm on Ultraturrax T25 with an S25F 
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. • . p i,t« PEA (400 ul) was added and the spheres processed as 
probe for 5 minutes. Folate-PbA iwu ^i; w 

described in Example 8b. 

. . • nf folate to nanoparticles with surface carboxyl 

Example 7 Covalent conjugation of toiaie ro d«i p 

oonmercially available carboxyl-modffirf nanoparticles. 

Polyscienoes n«or«bri«TM caAoxyUe Nanoparticles (2.5% SoUds I^) 
0^f.»,Pol.scien=csins^of0.<.5^0.4,^..2^and9.J7Mn..^^ 

ofeachofa»p«pa«a<»»-v»,^'^^^^^^ 
oieacnoi y y .j . «Mrf 1 5 ms aminohexyl folate then 5 

200 mofdistiUedwaler. ToeachpiepamnonvasaddedUmgannn , 

LofEDAC Each prepan-ion^as allowed to react overnight, after v^tchun^acted 

2:::rren.oved J re^ — - ™- " "^^^ 
15 distilled water, 

Man/^lyn^rs ^ in the preparado. of nanoparticles hy »^ 
11 clonal gronps direa coniusa-ion to ..«e » its ^^^ ^^^ 
however 1. is possible to modify *e "^^ ^'^^ '^''^ " """"^ 

Smcdonal grotips suitable for conjugation to folate. 

a) Sur&ce derivatization of polylactic acid (PLA) nanoparf des 

P„^JdPIAn.oparticlesaOn.g,«eresentlysuspendedindis.iUed™.«(^^^^ 
Lation on a rotary shal- «.r 2 bonr. Hydrazhte hydrate (1 0 .1) was added ^ ^ 
s™ was shaken overnight a. room ten^. The spheres were spun down and 
:ri;washedwi.hwa.erb,re^ionandc«,tri^ The washn,s procedure 
until the superr^atan. Med to give a positive hydra^ te. (purp. colo. 
Lon with a solution of trini.roben.enl sulphonate C^BS); 1 nrg/n.). ^ 
;^swerewasheda«^.wothnesand.hewetpelle.„seddirectlyforcon.u^^^ 

30 folate. . . 

b)Conjugationoffblate.ohydrainemodifiedPLAnanopamcles 
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A sample of the hydrazine modified PLA nanoparticles (3 ^il wet pellet) was siispended in 
distilled water (250 ^il). Aqueous solutions of folate (10 mg/ml, 400 fil) and EDAC (100 
mg/ml, 100 were added and the reaction mixture shaken overnight at room 
temperature. The suspension was spxm down and the supernatant removed. The pellet was 
5 washed repeatedly with distilled water (6 washes). The residual pellet, which was pale 
pink in colour, was vacuum dried. 

Comparative Examples 

Two control reactions were performed concurrently with the above conjugation. In the 
10 first a 3 mg sample of hydrazine-modified PLA nanoparticles was treated with the folate as 
described above but distilled water was used in place of the EDAC solution. In the second 
control a 2 mg sample of unmodified PLA nanoparticles was treated with both folate and 
EDAC as described above. For both controls the pellet remaining after repeated washing 
was a clear white colour with no evidence of any associated folate. 

15 

Example 9 Preparation of isobutyl-cyanoacrylate (EBCA) nanocapsules, surface- 
coated with folate 

Nanocapsules suitable for biodistribution studies were prepared with '^^I-insulin as ant 
internal marker. Briefly, 10 mg insulin was dissolved at lOmg/ml in 0.1 M HCl. An aliquot 

20 (Ifil) of '^^I-insulin was added to the cold insulin, which was mixed with 100^1 miglyol 
and vortexed. EtOH (10 ml ) was added to the insulin/miglyol mix and mixed by 
vortexing. Isobutyl-cyanoacrylate IBCA (100 ^il, Sicomet) was added to the clear solution, 
which was immediately added to 60 ml 0.25% F-127. After 30 minutes the preparation 
was split into 2 eqxial halves. One half was left to stir overnight, whilst to the other half 

25 was added 27mg folate-PEG-octadecanoic acid (80 mg/ml in EtOH). The solution was left 
to stir overnight Both solutions were then treated in a similar fashion. Large aggregates 
were removed by centriftigation at lOK rpm for 20 minutes. Both particle preparations 
were concentrated and washed in a Amicon positive pressure filtration unit using a 
300,000 MW cut off membrane. Particles were stabilised by surface cross-linking with di- 

30 succinimidyl-2-aminoethyl-2-amino-2-benzyl-ethanoate (DSAB). DSAB was converted to 
the NHS-ester as follows. DSAB (40 mg) was dissolved in an equal weight of DMF, to 
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Which was added NHS (24 mg. 240^1 DMF). DCC (Dicyclohexylcarbodiimide, 44mg, 
440U1 made up fresh) was then added to the DSAB mixUare and allowed to activate for 20 
„.in while stirring rapidly. The DSAB-NHS^ was added at 0.32 mg per 2.1 mg 
nanocapsules, and left to stir overnight. Tl.e particles were then dialysed before use m 

5 biodistribution studies. 

Example 10 D.m.n«r.««n of f.Ut.-m«ltoted ttrgrttog .f »an.partlcUs. 

to order .0 «anune «>e potential utiUty of fola« as a targeting agent for nanoparticles^ 
folate derivatized BCA nanoprfeles were prepared as descHbed in Example 9. Octroi 

,0 nanop«ticies«erep,.pared«hhoutfola.e. For biodistritation stirdies. Balb/C mice wee 

■ " ^.c.ed suba«anco»dy wim2x,0*hybridon,a t„^^ 

injection. ,l,e radio-labeUed nanoparticlcs we« injected intra^rously into the nnce. At 
varions time-point. d« nrice were bled ftom tl» retro^ta. ple«.s, entl^n^ 
tissues removed for d^ermination of radioactivity. Data is p«s«t«l in Figure 1 as ti« 
15 perceutageofinjectedcountsthatvMeinjectedinthemice. 

A smaU but lower .luantity of uptake of unmodified nanoparticlcs into the tumour was 
found as can be seen ftom Figure 1. the quantity of nanopartides targeted to ti. tumour 
increased in the presence of surfece folate. 
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Industrial appUcations 

The present tevention provides a simple and novel technique for tire amplrfication of dr. 
fblate uptake system, thus enabling ti« amplified deUvery of a wide range of active agents 
to tumor and cancer cells in particular. 



wo 00/66090 



PCT/AUOO/00405 



21 

References 

Oppenheim R.C. (1984) in "Polymeric Microparticles" (Guiot, P and Couvreur, P. Eds.) 
CRC Press, Boca Raton. 
5 Oppenheim R.C., Gipps, E.M. Forbes, J.F. and Whitehead R.H. (1984) in "Nanoparticles 
and Drug Therapy" (Davis, S.S., lUum, L., McVie, J.G. and Tomlinson, E. Eds) Elsevier 
Science Publishers B.V. 

Oppenheim, R.C;, Stewart, N.F., Gordon, L. and Patel, H.M. (1982) Drug Devel. Indust. 
Pharm. 8: 531-546. 
10 AUen,R.H. and Majerus,P.W. (1972) J.BioI.Chem. 247: 7702-7717. 

Yamada, R.-H and H.P.C. Hogenkamp. (1972) J3iol.Chem. 247 : 6266-6270. 



PCT/AUOO/00405 

WO 00/66090 

22 

The claims defining the invention are as follows: 



1. 



3. 



4. 



5. 



A complex comprising a nanosphere or nanocapsule, to which is coupled a targeting 
molecule, said nanosphere or nanocapsule enclosing an active substance, and 
wherein said targeting molecule is folic acid, or an analogue thereof possessing 
binding activity to the folic acid receptor. 

A complex of claim 1 wherein the active substance is a hormone, drug, prodrug, 
pharmaceutically active protein, immunogen. or DNA or RNA analogue. 

A complex of claim 2 wherein the active subst^^^^ 
prodrug thereof. 

A complex of claim 3 wherein the toxin is selected from the group consisting of 
ricin. abrin, diphtheria toxin, modecin, tetanus toxin, mycotoxins, mellitin, a- 
amanitm. pokeweed antiviral protein, and ribosome inhibiting proteins, especially 
those of wheat, barley, com. rye. gelonin. maytansinoid. 

A complex of clahn 3 wherein the cytotoxic agent is selected from the group 
consisting of chlorambucil, cyclophosphamide, melphalan. cyclopropane, 
doxorubicin, daunomycin. adriamycin. mitomycin C. [2- 
(hydroxymethyDanthraquinone], methotrexate, dichloromethatrexate: cisplatin. 
carboplatin. metaUopeptides containing platinum, copper, vanadium, iron, cobalt, 
gold, cadmium, zinc and nickel. DON, thymidine, pentamethylmelamin, 
dianiiydrogalactitol, S-Methyl-THF, anguidine. maytansine. neocarzinostatin, 
chlorozotodn. AZQ. 2'deoxycoformycm. PALA. AD.32. m-AMSA and 
misonidazole. 

A complex of claim 1 wherein the nanosphere or nanoparticle is prepared by 
solvent evaporation, complex coacervation. polymer/polymer incompatibiUty. 
gelation, interfacial polymerisation or thermal denaturation. 
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7. A complex of claim 6 wherein the nanosphere or nanoparticle is biodegradable. 

8. A process for the production of a complex of claim 1, which process comprises one 
or more of the following steps: 

a. reacting nanoparticles with a targeting molecule to form the complex; 

b. chemically modifying a targeting molecule to provide at least one 
functional group capable of forming a chemical linkage and reacting 
nanoparticles and the modified targeting molecules to form the complex; 

c. reacting nanoparticles with at least one cross-linking agent to prepare 
"activated" nanoparticles which are reacted with a targeting molecule to 
form the complex; 

d. reacting a targeting molecule with at least one cross-linking agent and 
reacting the nanoparticles with the reacted targeting molecule to form the 
complex; 

e. reacting nanoparticles and a targeting molecule with at least one cross- 
linking agent to the complex; 

f. reacting nanoparticles with at least one cross-linking agent, reacting a 
targeting molecule with at least one cross-linking agent and reacting the 
reacted nanoparticles and the reacted targeting molecule to form the 
complex; or 

g. reacting a targeting molecule with at least one cross-linking agent to prepare 
an analogue which is reacted with a hydrophobic moiety to form a 
hydrophobic derivative of the targeting molecule, and then incubating the 
hydrophobic derivative of the targeting molecule with a nanosphere in such 
a manner that the nanosphere is coated hydrophobically with the targeting 
molecule. 

9. A process of claim 8 wherein the cross-linking agent contains a disulfide bond or is 
cleavable by acid, base or periodate. 
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A process of cbta 8 «h«=i« 4c ooss-lintog agem is selected ftom fte group 
• co^sdng of KK4^«l.hio)^*ali^a. 4.4-^.hiobisphe.^.^^. 
ditobisCsuccirtoidylpropionate). din«tt,yl-3^--diduobispropio™M^2Ha 

* X ethvl-4-azidophenyl)- 
3 3'^thiobi»<s"l*>succiiiiDudylpropionate), 

1 Vdifluopropionate, sulfb»cd.anud,l.Mm-azido*ntobe,nanu*^^^^ - 
^.Mobutyrindda^aCU N.suca«taid,H4-azidophenyl)-1.3-dithioprop.o„a.e; 

sdfosucctairmdyl-2-(m^do..-"'"'»-=^*'>^^"-''-*^^^^ 
sdfosucci,^dyI-^(p-az■dosaUcyIa^»do)^yl-W•-<a«opropio N- 

. . , . ^ saUbsuccmmndyH*- 
succmtaidyl-3-(2-pyridylth.o)propioiiiite, 

azidophenyldi^iovpr^ioaau, 2-— olane, disoc^ 
(succiiiiiiiidyloxycarbonyloxy>e%ll-sulfoM- 

„ A process of cld» . therein to ^rgedng »».ecu.e is cross-Ibked » *e 
■ ^«„„sphereorMnop>.rddeby«acaoao(th.c«ier«i.hacarbodu^^ 

,,„cininude (NHS), and *en r«»tog *e NHS dedva^ve a surtabte 
functional group on the nanosphere. 

Aprocessofclai»8«herdntocross..inki.^agentooB.air«abiode^ 

,3. A process of claim 12 «herdn1he cross-iinking agen. is cleaved by a„ esterase, 
glutathione, or azo-ieduc(ase. 

14. A complex prepared by a process of claim 8. 

,5 A pbannaceutioal composidon comprising a complex of claim 1 or claim .4 in 
3ssociadon v»th a pharm.c««icdly »:c.ptable carrier, excipient. dUuent. or 

adjuvant 

,6 A metbod for the treatment or prophylaxis of disease in a vertebrate host, including 
■ ah«man,»hichme.hodcomprisestheadministration«,saidhostatherapeut.caUy 



wo 00/66090 PCT/AUOO/00405 

25 

effective amount of a complex of claim 1 or 14 or a pharmaceutical composition of 
claim 15. 



17. A method of claim 16 wherein the disease is cancer. 

18. A method of claim 1 6 wherein the administration is parenteral administration. 

1 9. A method of claim 1 6 wherein the administration is oral administration. 

20. Use of a nanoparticle complex of claim 1 or claim 14 in the preparation of a 
medicament for the treatment, prophylaxis or amelioration of disease. 

2 1 . Use of claim 20 wherein the disease is cancer. 

22. A method of delivering an active substance to a tumor or cancer cell comprising 
contacting said tumor or cancer cell with a nanoparticle complex comprising a 
nanoparticle to which is coupled a targeting molecide, said nanoparticle enclosing 
the active substance, and wherein said targeting molecule is folic acid, or an 
analogue thereof possessing binding activity for the folic acid receptor. 



PCT/AU00;00405 

WO 00/66090 



Distribution of Folate-coated F127 IBCA NPs 
(tumice, iv, T360) 
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